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Introduction
Glioblastoma, the most common malignant primary brain
tumor in adults, is a highly aggressive cancer associated with
substantial morbidity and mortality.1-8 Despite advances in
surgery, radiotherapy, and chemotherapy, current treatment
options for glioblastoma remain suboptimal, and patients face
a bleak outcome.4,9,10 Median overall survival (OS) from the
time of glioblastoma diagnosis is 12 to 15 months among all
patients and only 4 to 5 months among those aged ≥65
years.2,11,12 Less than 5% of patients with glioblastoma survive
beyond 5 years.13
Glioblastoma remains one of the most difficult of all human
cancers to treat because of its invasive nature and the presence
of the blood–brain barrier.4,7,9,14 Complete surgical removal of
glioblastoma is not possible due to invasion of the tumor into
surrounding healthy tissue; furthermore, secondary tumor foci
may develop close to the resected site. 7 Residual tumor cells are
often resistant to standard radiotherapy, and the potential
efficacy of radiotherapy is limited by toxicity to healthy tissue.7
Additionally, the treatment of glioblastoma is complicated by
the inability of many drugs administered systemically to
overcome the blood–brain barrier and attain adequate
concentrations at the site of the tumor.15
The current standard of care in younger patients with
glioblastoma is maximal safe tumor resection followed by
fractionated radiotherapy in combination with concomitant
and adjuvant temozolomide therapy.9,16 A multicenter, randomized, phase 3 study in 573 patients (median age, 56 years) with
newly diagnosed glioblastoma showed that the addition of
temozolomide to radiotherapy was associated with a statistically
significant survival benefit compared with radiotherapy alone.17
At median follow-up of 28 months, median survival was 14.6
months in patients receiving radiotherapy plus temozolomide
and 12.1 months in those receiving radiotherapy alone; the
2-year survival rate was 26.5% and 10.4%, respectively.17
The current standard of care in elderly patients with
glioblastoma remains a matter of debate; therefore, until a
consensus is reached, current therapeutic options (ie, surgery,
radiotherapy, and temozolomide) should be utilized based on
patient-specific factors and patient preference.2 In a phase 3
study investigating radiotherapy regimens in elderly and/or
frail patients with newly diagnosed glioblastoma, short-course
radiotherapy (25 Gy in 5 daily fractions over 1 week) and
commonly used radiotherapy (40 Gy in 15 daily fractions over
3 weeks) were shown to result in similar median progression-free survival (PFS), median OS, and quality-of-life
outcomes.18 A systematic review of the medical literature to
identify articles containing survival data in elderly patients
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with glioblastoma who were treated with either temozolomide
alone or radiotherapy alone between 2005 and 2013 showed
support for the use of hypofractionated radiotherapy or
temozolomide monotherapy.19 Of interest, the literature review
also showed variability in the definition of elderly and a lack of
randomized clinical studies comparing temozolomide alone
with radiotherapy alone in elderly patients with glioblastoma.19
As noted above, radiation therapy is a critical component in
the treatment of glioblastoma.3,20 In 2016, the American Society
for Radiation Oncology (ASTRO) published evidence-based
clinical practice guidelines for the use of radiation therapy in
patients with glioblastoma to help facilitate treatment decision-making.3,20 The ASTRO guideline focuses on (1) indications for the use of radiation therapy after biopsy/resection
and the ways in which systemic therapies modify the effect of
radiation therapy; (2) the optimal dose-fractionation schedule
for external beam radiation therapy after biopsy/resection; (3)
ideal target volumes for curative-intent external beam radiation
therapy; and (4) the role of re-irradiation in disease recurrence
after completion of standard front-line therapy.3,20
The methylation status of the promoter of the O-6-methylguanine-DNA methyltransferase (MGMT) gene is a prognostic and
predictive biomarker in glioblastoma.21 Inactivation of MGMT
by promoter methylation has been shown to be associated with
longer survival in patients with glioblastoma who are treated
with radiation and temozolomide.22-24 In a phase 2 study in 38
patients with glioblastoma who underwent resection and were
treated with radiation and temozolomide, 18-month survival
was 62% versus 8% in patients with methylated and unmethylated MGMT promoters, respectively.23 A study evaluating the
effect of MGMT promoter methylation status in 206 patients
with glioblastoma who received either radiotherapy alone or
radiotherapy combined with concomitant and adjuvant
treatment with temozolomide found that MGMT promoter
methylation was an independent favorable prognostic factor
irrespective of treatment assignment.24 In the study, OS was
15.3 months in patients with a methylated MGMT promoter
versus 11.8 months in those with an unmethylated MGMT
promoter in the cohort receiving radiotherapy alone and 21.7
versus 12.7 months, respectively, in the cohort receiving
radiotherapy in combination with temozolomide. 24 Of interest,
data have also shown that unmethylated MGMT promoter
status is associated with unfavorable clinical outcome in a
subpopulation of patients with non-resectable glioblastoma
after adjuvant therapy.25
Data from two clinical trials support consideration of
MGMT methylation status in older patients with glioblastoma
to aid in treatment decision-making. 26-28 In the phase 3 Nordic
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trial, which randomized 291 patients aged ≥60 years with newly
diagnosed glioblastoma to temozolomide, hypofractionated
radiotherapy, or standard radiotherapy, OS was significantly
longer in temozolomide-treated patients with a methylated
MGMT promoter than in those with an unmethylated MGMT
promoter (9.7 vs 6.8 months, respectively); however, no
difference in OS was observed in patients with methylated and
unmethylated MGMT promoters who were treated with
radiotherapy (hazard ratio, 0.97). 27 In the randomized phase 3
NOA-08 study, which randomly allocated 373 patients aged
>65 years with anaplastic astrocytoma or glioblastoma to
temozolomide alone or radiotherapy alone, OS was longer in
those with MGMT promoter methylation than without MGMT
promoter methylation (11.9 vs 8.2 months, respectively).28
Event-free survival was longer in patients with MGMT promoter methylation who received temozolomide than in those who
received radiotherapy (8.4 vs 4.6 months, respectively);
however, the opposite was true in patients with an unmethylated MGMT promoter (3.3 vs 4.6 months, respectively).28
Researchers recently conducted a retrospective analysis of all
MGMT promoter methylation testing performed at the Center
for Advanced Molecular Diagnostics between 2009 and 2013 to
investigate the clinical implication of inconsistently methylated
results from glioblastoma tumor samples on replicate methylation-specific polymerase chain reaction (PCR) testing.21 MGMT
test results were reported as methylated, unmethylated, or
inconsistently methylated.21 An inconsistently methylated result
was defined as one in which a methylated peak was noted in
some but not all replicates from a single DNA sample.21 In
brief, the analysis showed that (1) inconsistently methylated
results occurred in 12% of cases; (2) inconsistent methylation
was correlated with relatively poor OS; and (3) a dose-response
association may exist between OS and the degree of methylation across replicates in the inconsistently methylated cases.21
The most suitable method of clinical MGMT testing remains
unclear, as numerous assays have been associated with suboptimal analytic performance.16 Additionally, the measurement of
MGMT is not standardized, which leads to a high degree of
variability in test results.5 Although MGMT testing has been
promoted in patients with glioblastoma, inaccessibility and cost
limit its use in general clinical practice.5 A recent study
described the first validated pyrosequencing-based MGMT
methylation test using clinical formalin-fixed paraffin-embedded biopsy tissue from 33 patients with glioblastoma.29 A
meta-analysis of 11 studies conducted to evaluate the prognostic value of MGMT promoter status in patients with glioblastoma using a pyrosequencing assay showed that methylation
positivity is associated with increased survival.8
Nearly all glioblastomas recur,13 and treatment options are
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limited in patients with recurrent disease.1 In 2009, the
anti-angiogenic agent bevacizumab was granted accelerated
approval by the FDA for use as monotherapy in patients with
recurrent glioblastoma based on data from two phase 2
studies.13 In the multicenter, open-label, non-comparative
AVF3708g study, which included 167 patients with recurrent
glioblastoma who received bevacizumab with or without irinotecan, estimated 6-month PFS was 42.6% in the bevacizumab
arm and 50.3% in the bevacizumab/irinotecan arm; median
OS was 9.2 and 8.7 months, respectively, and the objective
response rate was 28.2% and 37.8%, respectively.30 In the
second pivotal study, which included 48 heavily pretreated
patients with recurrent glioblastoma who received single-agent
bevacizumab, median PFS and median OS were 16 weeks and
31 weeks, respectively; the 6-month PFS and OS rates were 29%
and 57%, respectively.31 In general, the use of bevacizumab has
been associated with a reduction in cerebral edema, improvement in neurologic symptoms, and a reduction in corticosteroid usage31; however, once a patient becomes refractory to
bevacizumab, median OS is approximately 1.1 to 4.5 months
irrespective of the treatment strategy used.1,32,33
A biodegradable polymer wafer containing carmustine was
approved by the FDA in February 1997 for implantation in
patients with recurrent glioblastoma as an adjunct to surgery.34
FDA approval was based on data from a placebo-controlled
study in which median survival in patients with malignant
recurrent gliomas was 31 weeks in those receiving carmustine
wafer implantation and 23 weeks in those receiving placebo
implantation.35 A recent meta-analysis evaluating survival
outcome in patients with recurrent high-grade glioma found
that median OS was 9.7 months in those who received
carmustine wafer implantation versus 8.6 months in those who
did not receive such treatment; 2-year OS was 15% and 12%,
respectively.36 In February 2003, the indication for carmustine
wafer was extended to include implantation in patients with
newly diagnosed high-grade malignant gliomas as an adjunct to
surgery and radiation.34 At present, many patients who have
received carmustine wafer implantation are excluded from
clinical trial participation due to concerns about potential
toxicities, confounding of results, and a lack of reliable survival
data.36
Optune (previously known as NovoTTF-100A), a portable
device approved by the FDA to treat adults with recurrent and
newly diagnosed glioblastoma, delivers tumor-treating fields
(TTFs) to selectively disrupt mitosis via noninvasive transducer
arrays.1,37,38 In April 2011, Optune was approved as monotherapy, and as an alternative to standard medical therapy after
surgical and radiation options have been exhausted, in patients
with histologically or radiologically confirmed recurrent
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glioblastoma in the supratentorial region of the brain after
receiving chemotherapy.39 In the randomized phase 3 EF-11
study, which investigated the efficacy and safety of TTF alone
versus physicians’ choice of chemotherapy in patients with
recurrent glioblastoma, median OS was 6.6 and 6.0 months,
respectively, and 1-year survival was 20% in both treatment
arms.40 In general, TTF was associated with lower toxicity and
greater improvement in quality of life compared with chemotherapy; the most commonly reported TTF-related adverse
events were mild to moderate skin reactions.40 Of interest, a
post hoc analysis of data from the pivotal EF-11 trial found that
median OS was significantly higher in patients receiving ≥1
course of TTF therapy compared with those receiving physicians’ best choice of chemotherapy (7.7 vs 5.9 months,
respectively).33 Analysis of data from a post marketing registry
of 457 patients with glioblastoma who received treatment with
the NovoTTF-100A system between October 2011 and November 2013 in a US clinical practice setting showed that median
OS was 9.6 months, and 1-year and 2-year survival rates were
44% and 30%, respectively.6 In April 2015, the indication for
Optune was expanded to include the treatment of adults with
newly diagnosed, supratentorial glioblastoma in combination
with temozolomide following maximal debulking surgery and
completion of radiation therapy together with concomitant
standard of care chemotherapy.38,39
Data from several retrospective uncontrolled case series and a
post hoc analysis of the registration trial for temozolomide have
shown that the use of valproic acid improved survival in
patients with newly diagnosed glioblastoma; however, other
analyses suggest that antiepileptic drug use does not confer a
survival benefit in such patients.41 For example, in a pooled
analysis of data from four prospective randomized clinical trials
that included 1869 patients with newly diagnosed glioblastoma,
PFS and OS in patients receiving valproic acid at chemoradiotherapy initiation was not improved compared with those not
receiving valproic acid (hazard ratios for PFS and OS = 0.91
and 0.96, respectively).41 In addition, PFS and OS in patients
receiving valproic acid at chemoradiotherapy initiation, as well
as after chemoradiotherapy, did not differ from those not
receiving valproic acid at both of these time points.41 Furthermore, no correlation with improved survival outcome was
noted with the use of the antiepileptic drug levetiracetam.41
In recent years, much progress has been made in understanding the molecular landscape in glioblastoma due to the efforts
of The Cancer Genome Atlas (TCGA) research network, a
collaborative initiative jointly funded and managed by the
National Cancer Institute and the National Human Genome
Research Institute, both of which are part of the National
Institutes of Health.42 The TCGA was established to compre-
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hensively catalogue somatic genomic changes in more than 25
different cancer types, the first of which was glioblastoma.42
The systematic genomic analysis of tumor samples by the
TCGA has led to the discovery of genetic mutations and DNA
alterations that could help to elucidate important biological
pathways relevant for the diagnosis and treatment of glioblastoma.42-45 Furthermore, an enhanced understanding of the
relationship between the tumor microenvironment and the
immune system has generated much interest in the use of
immunotherapeutic strategies to improve outcome in patients
with glioblastoma.4,10,46 Several immunotherapies, including
checkpoint blockade, cancer vaccines, adoptive T-cell immunotherapy, and oncolytic virotherapy, are currently being investigated in glioblastoma clinical trials based on promising
preclinical data.4,9,47,48 In particular, the development of agents
that target immune checkpoint pathways in glioblastoma has
garnered much attention, but numerous challenges have also
been acknowledged, including the lack of standardized and validated assays to measure immune response and how best to
manage immune-related adverse events in the central nervous
system.46 Recent data suggest that an effective treatment
strategy in glioblastoma will likely require the use of combination therapy (ie, surgery, chemotherapy, radiation and immune
stimulatory approaches)4 with appropriate consideration of
dosage, toxicity, and sequencing.46
David A. Reardon, MD, Clinical Director of the Center for
Neuro-Oncology at the Dana-Farber Cancer Institute (Boston, MA)
offered his insights on current and emerging treatment approaches in
patients with glioblastoma.
Moderator: Would you discuss the prognostic and predictive
value of MGMT promoter methylation status in patients with
glioblastoma?
Dr. Reardon: MGMT is a validated biomarker for patients
with glioblastoma undergoing our current standard of care
therapy with radiation and temozolomide. MGMT effectively neutralizes the DNA-damaging effect that temozolomide
renders in cancer cells and allows them to basically be resistant
to chemotherapy. Data have clearly demonstrated, now prospectively, that patients whose tumors have MGMT promoter
methylation—which effectively turns expression of the gene off,
leading to a low level of this enzyme in the tumor—have a better
outcome in terms of PFS and OS with the current standard of
care therapy relative to patients whose tumors have an unmethylated MGMT promoter in which the MGMT gene is expressed
and associated with a higher level in tumor tissue.
Studies have shown that patients who have an MGMT-methylated promoter have significantly longer survival with our
current standard of care therapy than do patients who have an
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unmethylated promoter. The studies that have been done show
that in unmethylated patients, median PFS and median OS
are only 0.9 months longer with the addition of temozolomide
compared with radiation therapy alone. So, these statistics
show the averages, or the median, and it’s important to elaborate that the value of this MGMT testing is helpful, but it’s not
a perfect biomarker. In other words, a number of my patients
over the years have had an MGMT tumor level that is low due
to a methylated promoter, but unfortunately, they have not
responded well to the current standard of care therapy. Conversely, there are patients in whom the gene level is high due to
lack of methylation of the promoter, and they have done quite
well. So, we use the test as a predictor, a general predictor, but
it is by no means 100 percent sensitive. There are plenty of
exceptions on either side. And, part of the reason for that, I
think, is related to the way that the MGMT level of the tumor
is evaluated.
Moderator: What technology is currently used to identify
MGMT promoter methylation status in patients with glioblastoma? Does the technology differ in research versus clinical
settings?
Dr. Reardon: A variety of different techniques are currently
used to identify MGMT-promoter methylation status, including
methylation-specific polymerase chain reaction (MSP), a MethyLight assay, pyrosequencing, methylation-specific multiplex
ligation-dependent probe amplification, and protein immunohistochemistry to detect the actual MGMT protein in surgical
tumor specimens. The MSP technique, or methylation-specific
reverse-transcriptase PCR, is the gold standard or the standard
way of evaluating MGMT. But, the variability of the tests that
are done, as well as the challenges associated with each assay
and the heterogeneity of tumor tissue, can make interpretation
of MGMT quite challenging. How best to accurately define the
MGMT status of a tumor remains a controversial area in glioblastoma research. But, at this point, I think that it’s fair to say
that with any of these assays, there are clearly negative tumors,
there are clearly positive tumors, and there are a number of
tumors that fall in the middle, where it can be challenging to
know where to draw the line in terms of discriminating them
as an MGMT-low or an MGMT-high tumor, depending on the
assay that is used.
Moderator: ASTRO recently published evidence-based clinical
practice guidelines on the use of radiation therapy in patients
with glioblastoma. Would you highlight some of the most
important recommendations?
Dr. Reardon: I think that the ASTRO guidelines are an important document for the neuro-oncology community because

VOL. 12, NO. 11

they provide a consensus established by a panel of experts with
significant experience in the treatment of glioblastoma. These
guidelines can be incorporated and utilized at all levels—both
the academic and community level—to help guide practitioners
in how best to apply a critical cornerstone of therapy, radiation
therapy, into the care plan for patients with glioblastoma.
The panel of experts discussed a variety of different areas
that will help provide some guidance. One area, in particular,
was defining the optimal dose-fractionation schedule after
biopsy/resection for patients with glioblastoma—what to consider for radiotherapy relative to a patient’s chronologic age as
well as physiologic age. There are variations now in radiation
therapy that are being applied and appropriately considered for
chronologically elderly patients (those older than 70 years of
age) who have a decent performance status, where a hypofractionated dosing schedule, typically around 40 Gy, is administered over 3 weeks, as opposed to the standard 60 Gy administered over 6 weeks.
The panel also discussed some of the issues related to ideal
target volumes. There has been some debate about that topic
amongst radiation oncologists over the last several years, and
the data and literature regarding target volumes were summarized in guidance provided in the paper. Finally, the guidelines
concluded with commentary on the role of re-irradiation, a
practice that has gained significant interest and is becoming
increasingly utilized in the care of patients following progression after initial standard-of-care therapy. So, our hope is
that this guidance will be very helpful across the spectrum of
practitioners involved in the care of patients with glioblastoma,
specifically with regard to some of these issues.
Moderator: Would you describe the contribution of TCGA
researchers to the genomic understanding of glioblastoma?
Dr. Reardon: TCGA has fortunately prioritized the evaluation
of glioblastoma tumors. The TCGA was initially launched by
the National Institutes of Health in 2005 and utilizes stateof-the-art genomic sequencing, bioinformatics, and integrated
multidimensional platforms to catalogue and discover genetic
factors associated with different cancers. The platforms include
genomic next-generation DNA sequencing involving RNA
sequencing for transcriptomic evaluation, epigenomic data
evaluating DNA methylation sequencing, and proteomics using
reverse-phase protein array analyses.
TCGA has currently evaluated more than 33 different human tumor types and more than 11,000 tumor normal tissue
matched paired samples. All of the data from these analyses
are publicly, freely available in datasets to help drive and
stimulate research. TCGA, in the initial phase of effort, which
ran from 2005 to 2008, focused on three very poor-prognosis
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tumor types—glioblastoma, lung cancer, and ovarian cancer—to
initiate this multiplatform analysis. A $50 million investment
was utilized to get this work up and running. During phase 2,
which was initiated in 2009, the work has continued to expand
and to include an additional 30 different tumor types. TCGA
has contributed very significant information regarding the
biology of glioma and glial tumors in glioblastoma, including
the characterization of genetic mutations and dysregulated cell
signaling pathways in now 2000 to 3000 glioblastoma tumor
samples.
Glial tumors have been identified by looking at a variety of
these different methodologies—the genomics, the transcriptomics, proteomics, and methylation profiling—which has really
given us remarkable insight into the biology and the heterogeneity of these tumors. We have identified many different
targetable mutations and dysregulated cell signaling pathways
for therapeutic exploitation and dramatically increased our understanding of the biology and the physiology of glial tumors.
So, the TCGA I’d have to say is probably the most important
effort that has contributed to our understanding of the biology
of glioblastoma tumors in the last 10 years.
Moderator: What targeted agents, immunotherapeutic agents,
and vaccines currently being investigated in glioblastoma are of
greatest interest to you?
Dr. Reardon: We’ve gone through several eras of therapeutic
intervention, if you will, in the treatment of this disease. In the
early 2000s, cytotoxic chemotherapeutics were heavily investigated, and this era of clinical research led to the identification
of temozolomide as a chemotherapy that was able to get into
the brain and have an impact on glioblastoma.
The second era, I think, began, thereafter, looking at some of
the locally administered therapies to try to bypass the blood–
brain barrier and administer therapies directly into the tumor.
This led to the development and approval of the carmustine-impregnated polymer wafer Gliadel, which is currently available
and utilized, placed in the resection cavity of patients. In this
era, there was also a lot of interest in developing therapies
locally administered into the tumor by convection-enhanced delivery. The next era of therapeutic development began to take
advantage of some of the data identified through the TCGA
work, identifying specific mutations that were frequently identified in tumors, as well as dysregulated cell signaling pathways,
primarily the PI3K/Akt pathway due to PI3K activation or
PTEN loss. And, along with other cancer indications, the era
of targeted therapies began for glioblastoma tumors. Not long
thereafter, targeting angiogenesis became quite a high level interest, not only for glioblastoma but across the spectrum of different cancer indications. I think that each of these treatment
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eras has led to a lot of information and a lot of experience in
trying to learn how to optimally treat these very challenging
tumors.
Unfortunately, although a tremendous amount of work
evolved evaluating these different eras of therapeutic intervention, their impact on overall outcome for patients with these
tumors has been fairly modest. There is still a fair amount of
interest in targeted therapies, and the whole idea of precision
medicine is evolving further to try to characterize the genetic
mutations associated with an individual patient’s tumor and
match them up with an appropriate drug to target that mutation or dysregulated cell signaling pathway.
Anti-angiogenic agents have been extensively evaluated, including in registration studies. And, although these agents have
not been associated with an improvement in OS, they have had
a significant impact in improving PFS, and I’d have to say on
quality of life for patients with brain cancer.
The most recent era of therapeutic intervention for brain
cancer in glioblastoma has focused on immunotherapies, and
this is obviously an area where there is a tremendous amount
of interest across a spectrum of different cancer indications. A
number of immunotherapeutic drugs have now been approved
for a variety of different cancer indications. Glioblastoma
is not one of them—not yet—but, several ongoing studies are
now evaluating a variety of different novel, innovative vaccine
approaches, as well as immunomodulatory agents, such as
immune checkpoint inhibitors targeting programmed death 1
(PD-1), programmed death ligand 1 (PD-L1), cytotoxic T lymphocyte antigen 4 (CTLA-4), and others. Very encouraging preclinical work has shown the efficacy of these interventions in
immunocompetent syngeneic glioblastoma tumor models, and
significant advanced clinical trials are now ongoing, evaluating
a number of these therapeutics for patients with both newly diagnosed and recurrent disease. We are anxiously awaiting readouts from these trials, which we should be getting in the next
6 to 12 months, which we hope will put immunotherapy in the
standard of care, if you will, for patients with brain cancer, as
it has become for other cancer indications like melanoma, lung
cancer, renal cancer, bladder cancer, and others.
Moderator: Would you discuss the challenges associated with
effective drug delivery to patients with glioblastoma? What is
the evidence supporting the use of FDA-approved carmustine
wafer implantation? Also, what are some of the main drug
delivery methods currently under investigation in glioblastoma? For example, what is the status of convection-enhanced
delivery?
Dr. Reardon: Brain cancer is unique and different from other
cancers in that it is not only a very challenging, aggressive,
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destructive tumor, but it’s unique in that we have the blood–
brain barrier to overcome in order to get therapies delivered
to the tumor. I’m very envious of my colleagues who focus on
leukemia and melanoma and other solid tumors where the
drugs can readily be administered orally or intravenously, and
you can count on them being delivered effectively to the tumor.
The blood–brain barrier is a natural protective mechanism
that is in place above and beyond what is present in any other
organ system to protect the brain from potentially harmful or
damaging agents. And that, unfortunately, frequently includes
treatments for cancers. Most chemotherapies and biologically-based targeted-therapies are excluded from the central
nervous system by the blood–brain barrier quite effectively.
Brain cancers, like glioblastoma, are remarkably invasive
and infiltrative tumors. The reason, which nobody has ever
explained, is that they do not metastasize, but they make up
for that by being extremely invasive and infiltrative into the adjacent brain tissue. When I see patients in the clinic, I talk to
them about their tumor and tell them that it really is composed
of two different components. The first part is the main mass
that we can see—the part that typically lights up with contrast.
The blood–brain barrier is broken down in the enhancing
part of the tumor; that is the reason that contrast persists on
delayed imaging. But, in the leading edge of the tumor, where
the microscopic cells are infiltrating and invading into the adjacent brain tissue, we can see swelling in some of those areas,
but they typically don’t demonstrate any contrast uptake. And,
that’s the part of the tumor—the second part of the tumor—
where the blood–brain barrier is relatively intact, which is the
leading edge of microscopic infiltrative disease. And, that’s
the part that really is most threatening to patients because it is
where the tumor is growing and advancing and extending, and
that’s the part that is most challenging to deliver therapies to
be effective against this type of cancer.
If we can only get therapies into the enhancing part of the
tumor, where the blood–brain barrier is disrupted and not
working properly, it is not going to help patients. The drugs,
the treatments, have to effectively get into the nonenhancing,
invading, infiltrating part of the tumor if we’re really going
to have an impact on this disease, and that has not been
effectively evaluated for most therapies that are going forward
for patients with brain cancer. I think that it is a deficiency
that we, in the community, really need to be very proactive
in addressing. We have to be more careful and deliberate
about evaluating exactly how well therapies are getting into
the brain, into the tumor—including, and most especially, the
leading edge of nonenhancing disease—before launching into
large heavily resourced trials of therapies. If therapies don’t
penetrate effectively, they are not going to be effective, and we
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really should not waste patients’ time, effort, and resources in
evaluating those drugs. So, I think this is a critical area where
the field of neuro-oncology needs to focus and put a lot more
emphasis as we develop therapies for our patients.
I think that one appealing aspect of immunotherapy is that
we know that these drugs modulate immune responses against
the tumor. The immune response can effectively penetrate into
the brain, all areas of the brain, on an as-needed basis, and the
blood–brain barrier really is not a prohibitive obstacle for that
class of therapeutics.
Moderator: You and your colleagues published an article in the
March 2016 issue of the Journal of Clinical Oncology discussing
the association between the use of valproic acid or levetiracetam and survival in patients with newly diagnosed glioblastoma. Would you comment on your findings?
Dr. Reardon: There is a lot of interest on the part of patients’
families, as well as treating clinicians, in trying to utilize
approved drugs for repurposed treatment approaches. And, I
think that there is particularly a lot of interest—fueled by the
desperate need to improve outcome for patients with glioblastoma—to look at drugs that are approved for other indications
to determine if they will have a therapeutic benefit by having
an antitumor effect in patients with brain cancer. Historically,
there has been a debate as to whether two of the more commonly utilized antiepileptic agents—valproic acid, otherwise
known as Depakote, and levetiracetam, otherwise known as
Keppra—have potential anticancer properties that could translate into a therapeutic benefit for patients.
There is some preclinical data to suggest valproic acid and
levetiracetam, when used in the test-tube and in the Petri dish,
and even in orthotopic glioblastoma animal models, could have
some antitumor benefit. So, we conducted a large international
meta-analysis that evaluated nearly 2000 patients who were
enrolled in 4 major randomized glioblastoma trials in newly
diagnosed patients and looked at outcome for all of those
patients based on whether they were using any valproic acid or
levetiracetam during the course of their therapy. This analysis
showed that, unfortunately, the use of either of these antiepileptic drugs, although they work well to control and protect
patients from seizures, was not associated with any therapeutic
benefit in terms of an improved PFS or OS for these patients
with newly diagnosed glioblastoma. So, I think that there may
be individual subsets of patients with specific subtypes of glioblastoma for whom these agents could potentially be further
evaluated, but I think that for the vast majority of patients,
these data help to confirm that these are good antiepileptic
agents, but unfortunately, they should not be used solely for
the purpose of trying to improve outcome of the tumor, be-
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cause they really do not have a therapeutic benefit.
Moderator: Numerous challenges have been identified in
the design of glioblastoma clinical trials, including patient
selection, monitoring immune and imaging response, and
assessment of clinical outcome. Would you comment on the
implications of these challenges and what progress has been
made to overcome them?
Dr. Reardon: Glioblastoma is a very challenging disease that
significantly impacts the neurologic function of patients,
which translates into difficulties with physical function like
movement, strength, dexterity, and balance. In addition, it can
affect the ability to communicate with speech and reading and
writing. It can affect vision. It can affect cognition—being able
to think and understand—and it can affect behavior by impacting on personality. So, glioblastoma tumors, I think, are very
challenging because of the breadth of impact they can have on
patients, and that translates into a significant need for caregiver
support and assistance for patients going forward.
These factors, I think, make it innately very challenging for
patients to participate in clinical trials, and that is something
we need to work harder to improve—to make clinical trials more
readily available and doable for patients and families. The only
way we’re going to move forward and improve outcome for
patients with these very challenging tumors is through well-designed clinical trials. But, patients have to be able to get to the
treatment centers and be compliant with their checkups and all
the tests and other things that need to be done. And, I think
that it’s just much more challenging for this disease, this cancer
indication, than it is for most others because of the impact of
the cancer on patients and the increased challenges it poses for
caregivers as well.
In terms of the actual trials, going forward, we have to be
very careful as we design trials to make sure that we are very
articulate in the primary question we want to answer in the
trial—whether it is a phase 1, a phase 2, a phase 3, or even a
phase 0 trial. We also need to make sure that the appropriate
patients are selected for the trial and that appropriate evaluations are conducted in terms of defining safety, as well as
ultimate impact in outcome on the tumor, as the trial proceeds.
Evaluating that can be very challenging. We certainly rely on
the clinical status of patients, and we have recently worked very
hard to develop a scale of neurologic function—called a neurologic assessment and neuro-oncology scale—that can be readily
incorporated into a routine office visit. This scale was designed
by a multinational group of experts to help provide a tool that
could be used routinely and readily to assess the neurologic
function of patients as they proceed with treatment. The scale
provides a scorecard of how patients are doing neurologically
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with their treatment, which is critical and very important.
My patients tell me that they want to live longer, but they
also prioritize wanting to live well and being able to preserve
as much neurologic function as possible. So, for the first time,
we have a scale that we can objectively utilize to assess how well
we’re doing and how well patients are doing in maintaining
their neurologic function. And, then, we rely very heavily on
imaging. The technology for imaging is improving and advancing, and we need to continue to make this a priority. The evaluation of brain cancers on magnetic resonance imaging (MRI)
imaging can be quite challenging, particularly for therapies that
can enhance an immune response or cause a fair amount of
inflammation. Like immunotherapies and radiation therapy,
assessment of what is happening on an MRI scan can be very
muddied and difficult to assess if the tumor is actually responding or not. So, it is critical that our neuroradiology colleagues
continue to work hard to advance the technology that will better allow us to accurately assess response for our patients going
forward with treatment.
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